INTRODUCTION
The Murotomisaki gabbroic complex, a sheet with thickness of 230 metres in maximum, intruded into the Murotohanto Group of Eocene in age (Katto, 1961 (Katto, , 1965 and shows zonal arrangement of various rock facies caused by fractional crystalliza tion with gravitational sinking in situ. Yoshizawa (1953 Yoshizawa ( , 1954 ) investigated this gabbroic complex in optical and petrochemi cal respects and reached a conclusion that this complex belongs to the calc-alkali rock series, on the basis of presence of hypers thene and absence of pigeonite, also on the basis of chemical properties of AFM diagram (Na2O+K2O-FeO+Fe2O3-MgO diagram). The present writer studied the same com plex and reached a different conclusion, some parts of which were presented in the preceding papers (Yajima, 1969 (Yajima, , 1972 . Petrochemical character of the complex will be discussed in this paper on the basis of new chemical analysis.
Principal rock types of the complex are as follows: chilled marginal dolerite, picrite gabbro, fine-grained hypersthene bearing olivine augite gabbro, medium-grained hy persthene bearing olivine augite gabbro, augite gabbro pegmatite and ferrogabbro.
A schematic field relation of these rocks is illustrated in Fig. 1 . Also, a schematic differentiation process of the intruded mag ma is illustrated in Fig. 2 . At the first stage in this model, chilled margin of the intruded magma was formed. Other inner 2. PETROCHEMISTRY
General remarks
The chemical compositions of twenty -two bulk rocks of Murotomisaki complex are shown in Table 1 , in which twelve chem ical compositions by Yoshizawa (1954) are also given. The chemical characters of the intruded magma and the differentiation process are discussed in this chapter on the basis of these analyses.
Generally speaking, the petrochemical characteristics of the intruded magma as sumed from the compositions of the chilled marginal dolerites are as follows: that mag ma was 1) undersaturated with SiO2 and con siderable amounts of normative olivine are present (SiO2: 41.6-47.6 wt %),
2) low Al2O3 (13.9-15.9 wt%), 3) low total alkalis (2.3-3.2 wt %), especially low K2O (accordingly, comparati vely small amount of normative plagio clase, the composition being about An63), 4) relatively high total iron content (12.2-13.2 wt %), and high FeO+Fe2O3/ MgO+FeO+Fe2O3 ratio (0.52-0.63), and 5) low TiO2 (1.0 wt %).
The undersaturation with silica is not in accordance with the specific nature to the calc-alkali rocks, whereas low Al2O3 means that the magma does not belong to the high-alumina basalt magma. Low alkali and low TiO2 means that the magma is not alkali olivine basalt magma. Consequently, the magma under the present discussion is chemically regarded as a kind of OLIVINE THOLEIITE BASALT MAGMA as will be discussed in the following chapter.
Absence of silica enrichment and presence of total iron enrichment in the later stage products are characteristic feature of this complex. As to the constituent minerals, the varia tion of total iron depends on the iron oxides and olivine contents as well as on their compositional variations. Concentration of pyroxene in the rock is not so much contri butive to the increase of iron content, compared with the above mentioned factors, because the ratio of iron content of pyroxene is not so much different from that of the magma. Increasing ratio of magnetite to ilmenite is also significant as to the increase of total iron. The high iron contents of constituent minerals mean the higher con centration of iron in the residual magma.
Since the above variation diagram expresses the summation of two or more effects interfering each other, the present representation using SiO2-FeO+Fe2O3/ MgO+FeO+Fe2O3 variation diagram can discriminate the effects, namely, the effects due to the concentration of residual liquid and to the accumulation of earlier stage's crystals (Fig. 5) . The compositional ranges of olivines and augites are plotted in this figure, in which three independent groups are recognized. It is possible to find a trend from the mode of distribution of points in each of them. Symbol Smaf means a trend representing accumulative type (solid type) rocks mainly composed of olivine, augite and iron oxides with small amount of plagioclase. Symbol Sfef means a trend corresponding to rocks composed principally of plagioclase with small amount of augite with or without olivine. A small amount of ilmenite is also found in these rocks. Symbol L is a trend of liquid type rocks composed of such rocks as chilled marginal dolerites. 
SI variation diagram
In SI-FeO+Fe2O3 diagram (SI=MgO/ MgO+FeO+Fe2O3+Na2O+K2O, defined by Kuno et al., (1957) (Fig. 6 ), the points representing the rocks of crystal accumu lative type (half solid circles), espcially those of ferrogabbro, form one isolated group, in which total iron increases as ST decreases. SI of ferrogabbro and augite gabbro pegmatite is about 30 which is the smallest in this complex. This evidence does match the field occurence of the above two rocks to suggest that they were formed at the latest stage of differentiation. The decrease of SI value keeping pace with the progress of differentiation is an important characteristic given by the employment of SI and not given by those of other indeces or values such as Si02 wt% etc. Picrite gabbro was formed at a later stage than the formation of chilled marginal dolerite. However, SI of these two rocks are not the same, SI of the former being considerably larger than the latter. The difference of SI depends entirely on the ratio of constituent minerals derived by crystal accumulation. SI variation range of rocks enriched in ferromagnesian minerals is a little broader than that of rocks enriched in felsic minerals.
As regard to the compositions of the magma, increase of total iron during the differentiation process is not so remarkable as given in bulk compositions. Fe2O3 contents show actually no change or very slight increase. This cannot be ascribed to the precipitation of magnetite, because model magnetite content in each rock type is fairly lower than that of normative magnetite.
For example, considerable amount of normative magnetite is con tained in the chilled marginal dolerite or in the fine-grained hypersthene bearing olivine augite gabbro, in each of which modal magnetite is actually null. Presence of normative magnetite depends on the amount of Fe2O3 in the bulk rocks, however, Fe2O3 contents in the chemically analyzed augites and plagioclase are very low. Some fractions of Fe2O3 are considered to be in olivines, besides other fractions are in the interstitial secondary products which occupy insignificant modal percentage in this complex.
Al2O3-Na2O+K2O diagram (mole %)
The variation in rock appearance is not always distinct along with the products of earlier stage, but is outstanding to the products of later stage. Obviously, the variation is caused by the difference of volume ratio of ferromagnesian to felsic minerals due to the progress of differentia tion. The extension of variation range in rock appearance is well illustrated on Al2O3 -Na2O+K2O diagram in mole % (Fig. 7) .
In this figure, the composition of anorthite corresponds to a point with Al2O3=25 mole %, Na2O+K2O=O mole %. Albite and orthoclase are expressed by another point with Al2O3=12.5 mole %, Na2O+K2O= 12.5 mole %. The line connecting these points gives the compositional range of plagioclase solid solution. And the com positions of rocks composed exclusively of plagioclase and/or orthoclase are also on the line. Thus the rate of decrease of plagioclase component in rocks is reversely proportional to the distance between a line (which is on the point representing the rock composition and which is parallel to Ab, Or-An line) and Ab, Or-An line. Also the compositions of plagioclases are denoted by the gradient of line such as OP or OQ, for the feldspars in rocks are actually free of orthoclase molecule. In this figure, points representing bulk compositions of rocks belonging to this complex are classified into five independent groups, that is group a for chilled marginal dolerites, basalt dikes and fine-grained gabbro, group bi for picrite gabbro and melanocratic parts of medium grained gabbro and those of gabbro peg matite veins, group b2 for leucocratic parts of medium-grained gabbro, gabbro peg matite and augite gabbro pegmatite, group c1 for ferrogabbro and group c2 for an extremely felsic part of augite gabbro pegmatite. This figure indicates that plagio clase components of intruded magma have not been significantly changed as known by the highly accumulated points belonging to group a. The products of subsequent stage are given by bl and b2 groups in composi tion, and those of the next one are given by c1 and c2 groups. The longer the distance between the lines of rock pairs, the more the process of differentiation is progressed. The analyzed samples of rock pairs were selected from the most leucocratic and melanocratic parts in close association without any observed significant in termediate rock types between them.
Increasing ratio of separation of ferro magnesian minerals from felsic minerals brought out this regularity in the Al2O3 -Na2O+K2O diagram. This increasing ratio may be due to the decrease of viscosity of the residual magma, which owes to the concentration of H2O in it.
Magmatic evolution
As shown in the preceding pages, it is possible to trace the magmatic differentia tion process continuously in this complex, as schematically shown in Fig. 8 L3 was formed. S3 corresponds to medium grained hypersthene bearing olivine augite gabbro, which includes compositional bandings, wavy pegmatitic veinlets and gabbro pegmatite veins. The wavy peg matitic veinlets were formed from a inter stitial liquid contained in crystal mush just before the entire solidification that formed solid phase S3. Thus, the average bulk compositions of total wavy pegmatitic veinlets represent the liquid compositions of the above interstitial liquids. This is expected to be nearly equal to but slightly and significantly different from that of L3. Because there were possible fractions of liquids during the process of moving from the places where they were present to that they were solidified. Accordingly, their compositions may change regularly from lower to upper horizons. S4 corresponding to augite gabbro peg matite is composed of augite, plagioclase, ilmenite and magnetite. Ferrogabbro was produced principally from the residual liquid L4, which was removed down to the lower portion of magmatic chamber of that stage, because of its high specific gravity at that time.
Composition of L3 can be calculated from the volume ratio of L4 to S3.
DISCUSSIONS
Since pigeonite is not found in this complex, the mineral associations of the rocks from this intrusion agree with those of hypersthenic rock series defined along with volcanic rocks by Kuno (1950) . Formation of hypersthene in olivine augite gabbro is, however, interpreted to be of internal precipitation or of hydrothermal reaction. This estimation is well demonstrated in Diop-Fo-En-SiO2 diagram (Kushiro and Schairer, 1963) (Fig. 10) , in which the (Fig. 11) . For the precipita tion of pigeonite, it is required that the average normative pyroxene compositions are included within the immiscible gap, and that they are not plotted close to diopside-hedenbergite join. If all the compositions are close to the join, all the components to form pyroxene would be used up by the crystallization of Ca-clinopyroxene (augite) other than pigeonite. However, there are many rocks containing consider able amounts of normative hypersthene, which attains 44% in maximum. This value is sufficient to precipitate Ca-poor pyroxene as far as chemical compositions (especially CaO contents) are concerned. Thus, physical conditions or chemical con ditions through the course of fractionation, for example, the ratio of FeO to MgO in the magma, are deduced to have been not sufficient to precipitate Ca-poor pyroxene. Points representing chemical composi tions of chilled marginal dolerites are within hypersthenic rock series field on AFM diagram, as stated in preceding chapter. This evidence denotes empirically the character of calc-alkali rocks. Although points representing compositions of alkali rocks are within the same field, rocks of this Murotomisaki complex do not belong to alkali rocks as known from the low alkali contents. Fig. 11 The characteristic in alkali content is also clearly expressed in SiO2-Na2O+K2O diagram (wt %, Fig. 12 ). In this figure, points representing compositions of Muroto misaki complex are plotted on the high alumina basalt field by Kuno (1968) , in spite of the lower normative plagioclase content. This nature can be ascribed to the same reasons as in the case of AFM diagram just mentioned. Because, points in this figure do not show high absolute total alkali contents, but show relatively higher contents than those of Japanese tholeiites as shown by the boundary curve, that is, they are plotted on the silica-poor side or on the alkali-rich side of the curve C-D in Fig. 12 . This relatively higher contents of total alkalis (or less silica contents) than those of the well known Japanese tholeiites depend not on the higher plagioclase con tents, but on the higher olivine contents. The petrologic implications of this SiO2-Na2O+K2O diagram (wt %) become more obviously by the employment of mole % in place of weight %. In this representation, the compositions of olivines correspond to a point with SiO2=33.3 mole %, Na2O+K20 =0 mole %. Pyroxenes and anorthite are expressed by a point with SiO2=50 mole %, Na2O+K2O=0 mole % ; albite and orthoclase by a point with SiO2=75 mole %, Na2O+K2O=12.5 mole %; nepheline and kaliophilite by a point with SiO2=50 mole %, Na2O+K2O=25 mole %. The com position of quartz is given by a point with SiO2=100 mole %, Na2O+K2O=O mole %. Chemical compositions of rocks with normative quartz are plotted on the lower part, on the right side of (Ab, Or)-(Px, An) join, compared with those with normative olivines. Thus, the locations of the plotted points representing bulk compositions of rocks are determined not only by the con tents of normative feldspars and feld spathoids, but also by the contents of normative olivine and quartz. Then, the relatively higher total alkali contents in the bulk rocks of Murotomisaki intrusion are attributed to their silica deficiency; in other words, their normative olivine sufficiency, in spite of the lower contents of alkalis. Chemical compositions of rocks from the Sanogawa gabbro-diorite complex (Yaji ma, 1970) coupled with those from this complex are shown in Fig. 13 . Comparing with the lower total iron in the talc-alkali rocks of the Sanogawa complex, which are composed principally of olivine hypersthene augite gabbro, diorite and granophyre, high total iron in the Murotomisaki complex will be recognized. In this representation (Fig.  13) , rocks of liquid type and those of solid type are expressed on the same trend, how ever, these two types are shown separatedly in the SiO2-FeO+Fe2O3/MgO+FeO+Fe2O3 Chemical compositions of basaltic rocks from various localities in the world are shown in Table 3 . One may recognize from this table that the magma intruded in this area is characterized by low SiO2, high MgO, low total alkalis and low TiO2. There are several similarities between the nature of rocks from this complex and that of some alkali rocks; for example, contents of SiO2 and Al2O3 are almost identical to those of C and D, however, there are fundamental differences between them, namely, low TiO2 and low total alkalis in the former and high TiO2 and high total alkalis in the latter.
In addition to these petrochemical characters, normative mineral compositions of this magma correspond to "olivine tholeiite" by Yoder and Tilley (1962). Thus, "OLIVI NE THOLEIITE" is the petrographical name allotted to the original magma of the Murotomisaki gabbroic complex. There are several similalities between Hawaiian tholei ite (Macdonald and Katsura, 1961) and this tholeiite, however, there are important differences in TiO2 contents and rare earth patterns. Further detailed descriptions and discussions will be presented in the follow ing papers. The chilled marginal dolerites are cha racterized by, undersaturation with SiO2 (47.4 wt %), low Al2O3 (15.4 wt %), low total alkalis (2.5 wt %) relatively high iron contents (13.5 wt %) and low TiO2 (1.0 wt %). Absence of silica enrichment and presence of total iron enrichment in the later stage products are important features of this complex. According to these petrochemical studies, the magma intruded into this region is regarded as a kind of OLIVINE THOLEIITE BASA LT MAGMA.
As regard to the AFM diagram, some points representing liquid type rocks such as chilled marginal dolerites are in the hypersthenic rock series field, while some points representing accumulative type rocks as picrite gabbro are in the pigeonitic rock series field. This nature, coupled with other characters in several variation dia grams, is interpreted by a scheme of liquid type rocks to solid type ones, and a model of of fractionation of the intruded magma is proposed in this paper.
The relatively higher contents of total alkalis (or less silica contents) in Na2O+ K2O-SiO2 diagram than those of well known Japanese tholeiites are suggested to depend not on the higher plagioclase content but on the higher olivine content.
These petrochemical implications be come more clearly by employment of mole % expression in place of weight %.
At the last part of this paper, petrochem ical characters of this Murotomisaki gabb roic complex are discussed, comparing with the Sanogawa talc-alkali gabbro-diorite co mplex.
